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Background-—The diagnosis of ischemic cerebellar stroke is challenging because of nonspeciﬁc symptoms and very limited
accuracy of commonly applied computed tomography (CT) imaging. Advances in CT perfusion imaging provide increasing value in
the detection of posterior circulation stroke, but the prognostic value remains unclear. We aimed to identify imaging parameters
that predict morphologic outcome in cerebellar stroke patients using advanced CT including whole-brain CT perfusion (WB-CTP).
Methods and Results-—We selected all subjects with cerebellar WB-CTP perfusion deﬁcits and follow-up-conﬁrmed cerebellar
infarction from a consecutive cohort with suspected stroke who underwent WB-CTP. Posterior-circulation-Acute-Stroke-Prognosis-
Early-CT-Score (pc-ASPECTS) was determined on noncontrast CT, CT angiography source images, and on parametric WB-CTP maps.
Cerebellar perfusion deﬁcit volumes on all maps and the ﬁnal infarction volume on follow-up imaging were quantiﬁed. Uni- and
multivariate regression analyses were performed. Sixty patients fulﬁlled the inclusion criteria. pc-ASPECTS on CT angiography
source images (ß, 9.239; 95% CI, 14.220 to 4.259; P<0.001) and cerebral blood ﬂow deﬁcit volume (ß, 0.886; 95% CI, 0.684
to 1.089; P<0.001) were signiﬁcantly associated with ﬁnal infarction volume in univariate linear regression analysis. The
association of cerebral blood ﬂow deﬁcit volume (ß, 0.830; 95% CI, 0.605–1.055; P<0.001) was conﬁrmed in a multivariate linear
regression model adjusted for age, sex, pc-ASPECTS on noncontrast CT, and CT angiography source images and the National
Institutes of Health Stroke Scale score on admission. No other clinical or imaging parameters were associated with cerebellar
stroke ﬁnal infarction volume (P>0.05).
Conclusions-—In contrast to noncontrast CT and CT angiography, WB-CTP imaging contains prognostic information for
morphologic outcome in patients with acute cerebellar stroke. ( J Am Heart Assoc. 2019;8:e013069. DOI: 10.1161/JAHA.119.
013069.)
Key Words: CT perfusion imaging • ischemic stroke • perfusion imaging • posterior circulation
C erebellar stroke accounts for 3% of all acute ischemicstrokes.1 It is a challenging clinical diagnosis because
of nonspeciﬁc and heterogeneous symptoms. Therefore,
accurate diagnosis of acute cerebellar stroke depends highly
on clinical experience, and misdiagnosis is common. Triaging
patients only based on the clinical presentation has been
shown to be inadequate.2 In the acute setting of cerebellar
stroke, standard applied computed tomography (CT) imaging,
including noncontrast CT (NCCT) and CT angiography (CTA),
rules out differentials such as hemorrhage or basilar artery
occlusion. Yet, it lacks diagnostic sensitivity and fails to
provide prognostic information for isolated cerebellar stroke.1
Magnetic resonance imaging with diffusion-weighted imag-
ing of the brain represents the criterion standard test for
cerebellar infarction but is not widely available, especially
after hours. Advances in CT perfusion imaging enable the
entire brain to be covered (whole-brain CT perfusion, WB-CTP),
including the posterior fossa.3 WB-CTP provides incremental
value compared with NCCT and CTA alone in the detection of
posterior circulation stroke.4–6
WB-CTP imaging parameters have been shown to enable
outcome prediction in patients with anterior circulation
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stroke7–11 and may guide therapeutic decision making by
providing key information about ischemic brain regions that
can potentially be rescued.12–14 On the other hand, the value
of WB-CTP for outcome prediction in cerebellar stroke has not
yet been evaluated. Recently, the predictive value of WB-CTP
deﬁcit volumes regarding the development of malignant
cerebellar edema was shown.15 In this study, we aimed to
assess the value of WB-CTP for morphologic outcome
prediction in acute cerebellar stroke.
Methods
The data that support the ﬁndings of this study are available
from the corresponding author upon reasonable request.
Study Design and Population
Our initial cohort consisted of 3648 consecutive patients with
suspected ischemic stroke who underwent WB-CTP between
April 2009 and January 2018.
Out of this cohort, we included all patients with the
following:
(1) signiﬁcant cerebellar perfusion deﬁcits on WB-CTP and
(2) follow-up-conﬁrmed cerebellar infarction in the superior
cerebellar artery, anterior inferior cerebellar artery or
posterior inferior cerebellar artery territory, or any com-
bination thereof.
We excluded patients with the following:
(1) evidence of basilar artery occlusion,
(2) evidence of vertebral artery hypoplasia or crossed cere-
bellar diaschisis,
(3) crossed cerebellar diaschisis as potential nonischemic
causes for the cerebellar perfusion deﬁcits,
(4) incomplete coverage of the cerebellum, or
(5) nondiagnostic quality of WB-CTP.
A signiﬁcant cerebellar perfusion deﬁcit was deﬁned as the
presence of a focal abnormality in any color-coded CTP map,
namely, a focal decrease of cerebellar blood ﬂow (CBF) or
cerebellar blood volume, or a focal increase of time tomaximum
of the residue function, mean transit time (MTT) or time to drain
compared with the contralateral side on at least 2 adjacent
slices. Because cerebellar perfusion deﬁcits are also attributed
to causes unrelated to cerebellar ischemia such as vertebral
artery hypoplasia16 and crossed cerebellar diaschisis,17 we
excluded these patients from the study cohort (Figure 1). The
institutional review board of the LMUMunich (Ethikkommission
der Medizinischen Fakult€at der Ludwig-Maximilians-Universit€at
M€unchen) approved this retrospective study, which was
conducted according to the Helsinki Declaration of 2013, and
waived requirement for informed consent.
Multiparametric CT Imaging and Analysis
All patients underwent a standardized multiparametric CT
protocol consisting of NCCT, CTA, and WB-CTP with a
coverage of 10 cm in the z-axis. The acquisition protocol
has been described in detail before.18 NCCT follow-up within
72 hours was available in 70%, and magnetic resonance
imaging follow-up in 73% of all patients. Both modalities were
available in 43% of all patients. The assessment of all
qualitative and quantitative imaging parameters was per-
formed by 2 independent readers who were blinded to all
clinical and follow-up imaging data. In case of disagreement, a
consensus was reached in a separate session.
Early ischemic changes were assessed using the 11-point
posterior circulation Acute Stroke Prognosis Early CT Score (pc-
ASPECTS)19 on NCCT, CTA source images, and on parametric
WB-CTP maps of CBF, cerebellar blood volume, mean transit
time, time to drain, and time to maximum of the residue function.
Vessel occlusions were documented. Cerebellar perfusion
deﬁcits on all CTP maps and follow-up infarction were volumet-
rically assessed using OsiriX v.8.0.2 (Pixmeo; Bernex, Switzer-
land) as previously described.18,20 On magnetic resonance
imaging, follow-up diffusion-weighted imaging was used. Relative
infarction growth was computed as ﬁnal infarction volume (FIV)
divided by CBF deﬁcit volume (FIV/CBF).
Functional and Clinical Data
The National Institutes of Health Stroke Scale (NIHSS) score21
was determined upon hospital admission. The modiﬁed Rankin
Clinical Perspective
What Is New?
• In acute cerebellar stroke, perfusion deﬁcit volumes in
whole-brain computed tomography perfusion imaging are
associated with ﬁnal cerebellar infarction volumes.
• On the other hand, established imaging parameters derived
from noncontrast computed tomography or computed
tomography angiography did not show any associations
with the size of the ﬁnal cerebellar infarction.
What Are the Clinical Implications?
• For stroke centers applying computed tomography in acute
settings, whole-brain computed tomography perfusion con-
tains prognostic information for morphological outcome
estimation in cerebellar stroke.
• Further studies may be warranted to assess whether whole-
brain computed tomography perfusion can support treat-
ment decision-making based on the identiﬁcation of true
ischemic target lesions.
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Scale score22 was assessed at admission (stroke severity in the
emergency department), upon discharge, and 90 days after the
stroke event. In addition, the premorbid modiﬁed Rankin Scale
score was evaluated. Further clinical parameters included time
from symptom onset, cardiovascular risk factors, and the cause
of stroke according to the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) classiﬁcation.23
Statistical Analysis
Statistical analysis was performed using SPSS (SPSS 23; IBM,
Armonk/NY). Proportion tests for categorical variables were
performed using the Fisher exact test, and nonparametric
tests for ordinal and continuous variables were performed
using the Mann–Whitney U test. Uni- and multivariate linear
regression analysis were performed to assess associations
between parameters. The regression coefﬁcients (ß) and their
95% CI are reported. Categorical variables are presented as
count (percentages). Ordinal and continuous variables are
presented as median (interquartile range). Subgroup analyses
were performed for the full study population stratiﬁed by
treatment (intravenous thrombolysis [IVT] versus supportive
care) and for the subgroup of patients with CTA-detectable
occlusions stratiﬁed by treatment. P values <0.05 were
considered to indicate statistical signiﬁcance.
Results
Patient Characteristics
Sixty patients matched the inclusion criteria. Detailed patient
characteristics are shown in Table 1. Mean age was 73
(interquartile range: 55–81) years. Twenty-three (38.3%)
patients were female. Twenty-nine (48.3%) had a vessel
occlusion on CTA, most often of the vertebral artery (18;
30.0%). Twenty-one (35.0%) patients had an additional brain-
stem infarction, 27 (45.0%) an additional supratentorial infarc-
tion at follow-up imaging.
Association of Imaging Parameters With
Morphologic Outcome
Linear regression analyses were performed to predict FIV
with baseline variables. NCCT parameters and admission
NIHSS score showed no signiﬁcant association with FIV (all
P>0.05). Perfusion deﬁcit volume on all WB-CTP maps (CBF,
cerebellar blood volume, time to drain, mean transit time,
Figure 1. Flow chart of patient selection. CCD indicates crossed cerebellar diaschisis; CT, computed
tomography; VAH, vertebral artery hypoplasia; WB-CTP, whole-brain CT perfusion.
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and time to maximum of the residue function; all P<0.001)
as well as CTA source images imaging parameters (P<0.001)
were signiﬁcantly associated with FIV in univariate analysis.
Among the perfusion parameters, CBF was chosen for
further multivariate analysis, as it had the strongest
association in univariate analysis and is commonly used in
the clinical routine. In a multivariate linear regression model,
adjusted for age, sex, pc-ASPECTS on NCCT and CTA source
images, and NIHSS score, only the association of CBF deﬁcit
volume (ß, 0.830; 95% CI, 0.605–1.055; P<0.001) remained
signiﬁcantly associated with FIV (Table 2). Case examples
are shown in Figure 2.
Table 1. Patient Characteristic
Overall (N=60)
Patient data
Age, y 73 (55–81)
Male sex 37 (61.7%)
Time from symptom onset (min)* 130 (105–208)
NIHSS on admission* 3 (2–6)
NCCT imaging data
pc-ASPECTS NCCT 10 (9–10)
Cerebellar atrophy 22 (26.7%)
CTA imaging data
pc-ASPECTS CTA-SI 9 (9–10)
VA occlusion 18 (30.0%)
PICA occlusion 3 (5.0%)
AICA occlusion 1 (1.7%)
SCA occlusion 7 (11.7%)
WB-CTP imaging data
Bilateral ischemia 17 (28.3%)
PICA ischemia 43 (71.7%)
AICA ischemia 6 (10.0%)
Ischemia 27 (45.0%)
Brainstem ischemia 22 (36.7%)
Supratentorial ischemia 28 (46.7%)
pc-ASPECTS CBF 8 (6–9)
pc-ASPECTS CBV 9 (8–9)
pc-ASPECTS MTT 8 (7–9)
pc-ASPECTS TTD 8 (7–9)
pc-ASPECTS Tmax 8 (7–9)
CBF deficit volume, mL 14 (5–22)
CBV deficit volume, mL 4 (1–12)
MTT deficit volume, mL 10 (4–18)
TTD deficit volume, mL 10 (4–17)
Tmax deficit volume, mL 11 (5–18)
CBF-CBV mismatch, % 61 (40–80)
Treatment data
IVT* 27 (45.0%)
Follow-up imaging data
FIV, mL 5 (2–23)
PICA infarction 44 (73.3%)
ICA infarction 8 (13.3%)
SCA infarction 27 (45.0%)
Brainstem infarction 21 (35.0%)
Supratentorial infarction 27 (45.0%)
FIV/CBF 0.7 (0.3–1.5)
Continued
Table 1. Continued
Overall (N=60)
Functional data
Premorbid mRS* 0 (0–1)
Admission mRS* 3 (2–4)
Discharge mRS* 2 (1–4)
90-Day mRS* 2 (1–6)
Values presented are count (percentage) for categorical and median (interquartile range)
for ordinal and continuous variables. AICA indicates anterior inferior cerebellar artery;
CBF/CBV, cerebral blood ﬂow/volume; CTA-SI, CT angiography source images; FIV, ﬁnal
infarction volume; FIV/CBF, relative infarction growth; ICA, internal carotid artery; IVT,
intravenous thrombolysis; mRS, modiﬁed Rankin Scale; MTT, mean transit time; NIHSS,
National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation-Alberta
Stroke Program Early CT Score; PICA, posterior inferior cerebellar artery; SCA, superior
cerebellar artery; Tmax, time to maximum; TTD, time to drain; VA, vertebral artery; WB-
CTP, whole brain CT perfusion.
*Missing values: time from symptom onset, 22/60; IVT, 1/60; admission NIHSS, 11/60;
premorbid mRS, 2/60; admission mRS (stroke severity in the emergency department),
4/60; discharge mRS 3/60; 90-day mRS, 31/60.
Table 2. Predictors of Final Infarction Volume
FIV
Univariate Analysis Multivariate Analysis
Independent variables ß P Value ß P Value
Age 0.008 0.969 0.070 0.594
Sex 5.019 0.408 6.240 0.141
NIHSS on admission 0.555 0.253 0.416 0.404
pc-ASPECTS NCCT 5.974 0.076 1.936 0.602
pc-ASPECTS CTA-SI 9.239 <0.001* 4.256 0.212
CBF deficit volume 0.754 <0.001* 0.830 <0.001*
Uni- and multivariate linear regression analysis were performed for the indicated FIV
parameters for the complete study population of 60 patients. CBF/CBV indicates
cerebral blood ﬂow/volume; CTA-SI, computed tomography angiography source images;
FIV, ﬁnal infarction volume; NCCT, noncontrast computed tomography; NIHSS, National
Institutes of Health Stroke Scale; pc-ASPECTS; posterior circulation Alberta Stroke
Program Early CT Score.
*P values indicate statistical signiﬁcance.
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Cerebellar Infarction Growth and Impact of
Thrombolysis
Overall median FIV/CBF (interquartile range) was 0.68 (0.28–
1.48). IVT was administered to 27 (45.0%) patients. There was
no signiﬁcant difference in FIV/CBF between the IVT and non-
IVT group (P=0.475, Table 3). Also, in subgroup analyses
regarding the presence of a CTA-detected vessel occlusion or
the different vessel territories, IVT had no signiﬁcant impact
on FIV/CBF.
Discussion
In our study on acute cerebellar stroke, baseline WB-CTP
imaging provided prognostic information on the FIV. We did
observe a strong correlation with FIV, while absolute
estimates in certain perfusion parameter maps yielded
overestimation of the FIV. The regression analysis showed
that for every additional 1 mL of cerebellar CBF deﬁcit
volume, the ﬁnal cerebellar infarction volume increased by
0.8 mL. In our sample, we found no association between
baseline clinical parameters (eg, NIHSS on admission) and
morphologic outcome.
Because of the relevant frequencies of concomitant
brainstem and supratentorial involvement, clinical outcome
evaluation was not feasible because signiﬁcant bias by these
cofounders would have impacted the analysis. However, an
association of FIV and clinical outcome has been shown for
anterior circulation strokes24 as well as for cerebellar
strokes.25 Furthermore, a recent study identiﬁed an indepen-
dent predictive value of CT perfusion parameters for clinical
outcome in patients with vertebral or basilar artery occlu-
sion.26
Figure 2. Case examples. Patient examples of acute cerebellar stroke. Patient A is a 77-year-old man
with an initial CBF deﬁcit volume of 5 mL of the left cerebellar hemisphere. On follow-up MRI, the patient
had a PICA territory infarction with a FIV of 2 mL. Patient B is a 67-year-old woman with an initial CBF
deﬁcit of 21 mL of the left cerebellar hemisphere. On follow-up MRI, the patient had a PICA and SCA
territory infarction with a total FIV of 22 mL. Both patients received IVT. CBF indicates cerebellar blood
ﬂow; FIV, ﬁnal infarction volume; FU, follow-up MRI; IVT, intravenous thrombolysis; PICA, posterior inferior
cerebellar artery; SCA, superior cerebellar artery; TTD, time to drain.
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The management of acute cerebellar stroke is still a matter
of debate because no dedicated randomized trials have been
conducted, because of the relatively low disease incidence.
Extrapolating evidence from the IVT trials since 1995, IVT is
indicated within 4.5 hours if stroke symptoms are considered
disabling and/or amount to an NIHSS >5.14 However, since
successful real-world IVT application has only been reported
in a few cases27,28 and many cerebellar strokes present with
minor neurological deﬁcits of NIHSS 0 to 5 (this was the case
in 36 patients [60.0%] of our study population), the efﬁcacy of
cerebellar stroke thrombolysis is still obscure.
The recently published PRISMS (A Study of the Efﬁcacy and
Safety of Alteplase in Participants With Mild Stroke) trial was
unable to show a clinical beneﬁt of IVT, yet early termination
precludes deﬁnitive conclusions.29 Further ongoing trials such
as the TEMPO-2 trial (A Randomized Controlled Trial of TNK-
tPA Versus Standard of Care for Minor Ischemic Stroke With
Proven Occlusion; NCT02398656) may help in understanding
the role of IVT in patients with low NIHSS. In our study, we
could not demonstrate a signiﬁcant impact of IVT adminis-
tration on the development of the acute ischemic lesion size
from the time point of WB-CTP to the ﬁnal infarct lesion on
follow-up imaging. However, the sample size is too small to
draw any deﬁnitive conclusions. Furthermore, data on
recanalization after IVT was not available because there was
no clinical indication according to guidelines to perform
repeated noninvasive angiography. Yet, it is recognized that
the recanalization rate is an important variable in the
prediction of the ﬁnal infarct.
Because clinical assessment of the severity of cerebellar
stroke is often difﬁcult and limited, more objective imaging
parameters such as WB-CTP might potentially support clinical
decision-making, and hence facilitate clinical trial design by
identifying real ischemic target lesions and excluding stroke
mimics, which may otherwise confound results in the low
NIHSS clinical trial setting.
There are limitations to this study that need to be
considered when interpreting the results. First, this is a
single-center retrospective study with a limited number of
patients, reﬂecting the relatively low incidence of cerebellar
compared with supratentorial infarction. This may limit
adequate correlation between CBF and magnetic resonance
imaging. Second, based on the study design and the selection
criteria, only patients who had undergone additional WB-CTP
were included, which may represent a selection bias.
However, all enrolled patients were recruited from a prospec-
tive stroke registry and standardized stroke protocols were
applied to minimize this potential bias. Third, this is a volume-
based analysis rather than a voxel-based analysis, which
might be more accurate, though, to our knowledge, there are
no automated, commercial solutions for perfusion analysis in
posterior circulation stroke. Fourth, aside from the CBF map,
other perfusion imaging maps also correlated with FIV. To
avoid issues with multicollinearity, we only included CBF-
determined lesion volumes in the multivariate analysis.
In conclusion, WB-CTP imaging, in contrast to NCCT and/
or CTA imaging, contains prognostic information for morpho-
logic outcome prediction in patients with acute cerebellar
stroke.
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